Wildland Firefighter Health and Safety by Domitrovich, Joseph Wimand
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
2011 
Wildland Firefighter Health and Safety 
Joseph Wimand Domitrovich 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Domitrovich, Joseph Wimand, "Wildland Firefighter Health and Safety" (2011). Graduate Student Theses, 
Dissertations, & Professional Papers. 1190. 
https://scholarworks.umt.edu/etd/1190 
This Dissertation is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
 
 
WILDLAND FIREFIGHTER HEALTH AND SAFETY 
By 
JOSEPH WIMAN DOMITROVICH 
Master of Science, University of Montana, Missoula, Montana, 2007 
Bachelors of Science, California Polytechnic State University, San Luis Obispo, 
California, 2005 
 
Dissertation 
presented in partial fulfillment of the requirements 
for the degree of 
 
Doctor of Philosophy 
 
 
The University of Montana 
Missoula, MT 
 
May 14, 2011 
 
Approved by: 
 
J.B Alexander Ross, Associate Dean for Graduate Education 
Graduate School 
 
Charles G. Palmer, Chair  
Health and Human Performance 
 
Steven E. Gaskill  
Health and Human Performance 
 
Curtis W. Noonan  
Center for Environmental Health Studies 
 
Carl A. Seielstad 
College of Forestry and Conservation 
 
Ronald H. Wakimoto 
College of Forestry and Conservation 
 
  
ii 
 
Domitrovich, Joseph, Ph.D., May, 2011   Individual Interdisciplinary 
 
Wildland Firefighter Health and Safety 
 
Chairperson:  Charles G. Palmer, Ed.D. 
 
  Over the past fifty years the University of Montana, in conjunction with the United 
States Forest Service, has been investigating the job demands of wildland firefighters.  
This document is a combination of three research projects with a connection of health and 
safety of wildland firefighters. 
  Smokejumpers are unique because they parachute into remote fires and are used 
primarily as initial attack wildland firefighters.  Studies have shown that initial attack is 
the most energy intensive part of wildland firefighting.  The first study identifies maximal 
and sustainable aerobic fitness possessed by US Smokejumpers.  The maximal aerobic 
characteristic of US smokejumpers is well above average aerobic fitness compared to the 
general population, and sustainable aerobic fitness is similar to the fitness required for 
fire line digging during initial attack on wildland fires.  There is also no difference 
between gender and age groups. 
  The second study identifies the relationship between smokejumper core critical tasks 
(fireline digging, packing loads over 85 lbs, and repetitive lifting/carrying) and the 
current physical training (PT) test.  The smokejumper PT test uses push-ups, pull-ups, sit-
ups and a 1.5 mile run to determine if individuals have the minimal fitness required for 
successful job performance.  This study found a relationship between push-ups, pull-ups 
and the 1.5 mile run to smokejumper core critical tasks, but there was no relationship 
with sit-ups. 
  While physical fitness helps to mitigate certain risks associated with fire suppression, it 
alone is not enough, so personal protective equipment (PPE) is also used maximize 
safety.  The majority of specifications used in construction of this equipment considers 
only the external environment and does not consider the individual as part of the 
environment.  The third study evaluated the thermal stress on the human body with three 
typical configurations of personal protective equipment.  The use of increased layers of 
PPE was found to increase the thermal stress identified by body temperature and 
physiological strain index.  The use of two layers of PPE compared to one decreased 
potential work time by half before a critical core temperature was reached. 
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Introduction 
 
 
 Over the past nearly 50 years, the Missoula Technology and Development Center 
in conjunction with the University of Montana Human Performance Lab has been 
attempting to quantify the physical job demands of wildland firefighting, with the first 
report ―Fitness and Firefighting‖ completed in 1966 (Sharkey, 1966).  This dissertation 
was developed as part of an interdisciplinary program of studies based on my position as 
a physiologist with the Forest Service Missoula Technology and Development Center.  
My position with the Forest Service engages me in a diverse area of study.  The 
following three research projects were conducted with a connection to further the 
knowledge of safety and health in wildland firefighters. 
 
 The first study quantified the aerobic fitness characteristics of United States 
Smokejumpers.  Using a portable metabolic cart, line digging has been reported to be on 
average 2.5 L ∙ min
-1
 (Brotherhood et al, 1997; Docherty et al, 1992), equating to a 
caloric cost of 12.5 calories ∙ min
-1
.  Others have shown that the total energy cost during a 
complete day of wildland firefighting to be 4000-6000 kcals (Ruby et al, 2002).  There 
has been much research into the ability of humans regarding maximal aerobic fitness.  
The pioneering work in aerobic fitness was completed by Astrand and Saltin in the 
1960’s (Astrand and Saltin, 1961; Saltin and Astrand, 1967).  There are now normative 
values for maximal aerobic capacity (ACSM, 2006).  Due to the nature of wildland 
firefighting, sustainable aerobic fitness is critical.  Sedentary individuals have a 
sustainable fitness around 55% of VO2 max (Gaskill et al, 2001).  Based on the sustainable 
fitness identified to complete job wildfire tasks, maximal aerobic capacity for a sedentary 
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individual would need to be 58 ml ∙ kg-1 ∙ min-1.  Based on the normative values, the 90th 
percentile for males in their 20’s is 55.1 ml ∙ kg-1 ∙ min-1, and females are 49.0 ml ∙ kg-1 ∙ 
min
-1
 (ACSM, 2006).  The percentage of the population that can perform the job of 
wildland firefighting is very small.  The values reported for the job demands of wildland 
firefighters places the occupation in the classification of extremely hard work (US 
Department of Labor, 1968).  The data gap in the literature is the lack of any documented 
analysis of smokejumper aerobic fitness.  There is anecdotal evidence that smokejumpers 
possess a high level of aerobic fitness, but nothing has been empirically documented.   
 
 The small percentage of individuals that can meet the job demands of wildland 
firefighting necessitates the need for fitness testing prior to engaging people into the 
wildland fire environment.  It is the responsibility of the employer to make sure that the 
employees it places into an occupational setting can perform the job demands (Rayson, 
2000).  The second project was to validate the current phycial training (PT) test used by 
United States Smokejumpers as part of their yearly condition of hire.  The selection tests 
for an occupation must meet specific regulations set forth in the United States by the 
Uniform Guidelines on Employee Selection Procedures (1970).  These laws give specific 
methodologies for identifying the relationship between critical job tasks and tests that 
predict those tasks.  The tests must not have an adverse impact on specific genders, 
ethnicities, or disabilities.  The origin of this project stemmed from a lawsuit that the run 
portion of the test was biased against older individuals. 
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 The job demands of wildland firefighters are quite high and the need for 
physically fit people has been identified.  However, just being physically fit will not 
guarantee safety on a fire line.  Wildland firefighters also must deal with extreme 
environmental factors.  These include the fire, mountainous terrain, weather, and 
sometimes animals.  To help with mitigation of these factors, wildland firefighters are 
required to wear personal protective equipment (PPE) (NIFC, 2011).  The main factor 
taken into account when designing specifications for PPE is the external environment 
(NFPA 1977, 2011).  The third and final project was to evaluate the thermal burden 
experienced by wildland firefighters with different layer configurations of PPE.  The 
work by Budd et al (1997) showed that when wearing PPE, 70% of the thermal burden 
experienced by wildland firefighters is due to metabolic heat production. If heat is not 
allowed to dissipate, body temperature will increase and lead to increases in fatigue and 
possible injury (Cuddy and Ruby, 2011; Cheuvront et al., 2010; Nybo and Nielsen, 
2001).  The configurations of PPE must not only be to protect firefighters from 
environmental factors, but also allow for heat dissipation due to work being performed. 
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Abstract: 
 
PURPOSE:  The purpose of this study was to determine the aerobic fitness profile of US 
smokejumpers. METHODS:  Thirty-eight current smokejumpers completed a treadmill 
graded exercise test (GXT) to volitional exhaustion to determine VO2peak.  Ventilatory 
threshold (VT) was calculated using three concurrent methods: ventilatory equivalencies, 
excess CO2 production, and a modified V-slope method.  Jumpers were classified into 
three age categories (<30, 31-40 and >41).  A one-way ANOVA was used to identify 
differences between age groups with a Bonferroni Post Hoc test.  Smokejumpers were 
also separated by gender, and an independent t-test was used to determine differences 
based on gender.  Significance was set at α = 0.05.   RESULTS:  No significant decrease 
was found between age classifications in absolute aerobic fitness , <30 = 4.3 ± 0.1, 31-40 
= 4.4 ± 0.5, and >41 = 4.3 ± 1.0 L ∙ min-1; (F = 0.321, df = 39,2) or in ventilatory 
threshold, <30 = 2.9 ± 0.6, 31-40 = 2.7 ± 0.4, and >41 = 2.6 ± 0.6 L ∙ min-1; (F = 0.321, df 
= 39,2).  No difference was found between genders for peak aerobic fitness: males = 56.2 
± 6.3, females = 54.9 ± 4.8 ml ∙ kg-1 ∙ min-1 (p = 0.602).  Females had a significantly 
higher ventilatory threshold: males = 34.1 ± 6.0, females = 43.3 ± 6.9 ml ∙ kg-1 ∙ min-1 (p 
<0.001).    CONCLUSION: Smokejumpers have well above-average aerobic fitness 
levels compared to the agency minimum fitness standards and the general US population.  
This data demonstrates high levels of fitness must be maintained to perform 
smokejumper specific job tasks –line digging or load carriage—regardless of age or 
gender. 
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INTRODUCTION: 
Wildland firefighting is a strenuous occupation due to long work-shift durations—
over 24 hours during initial response often times—and remote job locations in rugged 
terrain across the western United States.  The primary physical task of wildland 
firefighters is creating fuel breaks (fireline) with typical hand tools—Pulaskis, shovels, 
and rakes—to stop the spread of vegetation fires.  Brotherhood et al. (1997) and Docherty 
et al. (1992) used portable metabolic measurement systems to quantify the aerobic fitness 
needed to construct fire line with hand tools.  Brotherhood et al. (1997) reported the VO2 
cost during fireline construction is 2.3 L ∙ min
-1
 for normal-speed digging during initial 
attack—the first operational activity on a fire—and 2.9 L ∙ min
-1
 for fast-speed fireline 
digging to control a spot fire spreading outside the main fire perimeter. These estimates 
are similar to the findings of Docherty et al. (1992), who reported 2.1 L ∙ min
-1
 for 
normal-paced fireline digging and 2.4 L ∙ min
-1
 for fast-paced fireline digging. These 
studies were able to quantify the energy cost of the primary wildfire suppression task 
(Sharkey and Gaskill, 2009). 
 
The long duration and intensity of work required for wildland firefighters 
indicates the need for a high sustainable aerobic fitness consistent with the demands of 
fireline digging.  Maximal oxygen uptake during exercise—VO2max, has historically 
defined aerobic fitness (Mitchell et al, 1957; Saltin and Åstrand, 1967), however, stronger 
associations are reported between sustainable aerobic fitness and ventilatory (lactate) 
threshold during sustained events (Coyle, 1995; Gaskill et al, 2001; Ghesquirere et al, 
1982; Laursen and Rhodes, 2001; Vago et al, 1987).   threshold, or sustainable fitness, 
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specifies the intensity level that an individual can sustain for multiple hour activities with 
undue fatigue (Coyle et al, 1983; Gaskill et al, 2001).  Unpublished data from The 
University of Montana Human Performance Lab demonstrates that during a fire season, 
Forest Service hotshots—members of 20-person specialized hand crews—will have 
changes in sustainable aerobic fitness that migrate toward a common value of 2.5 L ∙ min
-
1
 (30 ml ∙ kg-1 ∙ min-1).  This sustainable aerobic fitness level is similar to the levels 
reported (Brotherhood et al, 1997; Docherty et al, 1992) for line digging, which is the 
most common physical task in wildland firefighting (Sharkey and Gaskill, 2009).  These 
studies demonstrate that sustainable aerobic fitness migrates to a level of training of work 
intensity. 
 
Aerobic fitness can be measured with two different methods absolute (L ∙ min
-1
) 
and relative (ml ∙ kg-1 ∙ min-1).  Absolute can be described as the size of the engine, how 
much oxygen can be taken into the body.  This measurement has been shown to be a 
good predictor of performance when an individual is performing a task with a heavy 
external load or force.  Relative aerobic fitness is how well an individual can use oxygen 
based on their body weight, such as hiking hills (Sharkey and Gaskill, 2009).  Therefore, 
both of these measurement techniques are beneficial to know for wildland firefighters due 
to diverse job requirements of hiking, fireline digging, and packing loads. 
 
Smokejumpers are a subset of the wildland fire suppression workforce, 
numbering about 400 in the United States.  Smokejumpers parachute into terrain that is 
often inaccessible by roads, to decrease firefighter response time to remote fires.  
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Therefore, they have additional physical tasks including:  parachute landings, hauling 
cargo from jump-spots, and packing fire gear weighing in excess of one hundred pounds 
to an accessible pick-up location after the fire is suppressed (Forest Service, 2008).   
Smokejumpers perform these job tasks throughout their career, regardless of age, gender, 
or position in the chain of command. Therefore, maintaining fitness levels is critical for 
job performance.  The purpose of this study was to evaluate the aerobic fitness 
characteristics of US Smokejumpers and to determine if there are differences based on 
age or gender. 
 
 
STUDY LIMITATIONS: 
The main limitation of this study was participant selection.  Bases across the 
western United States, including Alaska, were notified of the study and asked to send a 
list of all available smokejumpers at that time.  Study participants were randomly selected 
from the list of available smokejumpers, but still had to volunteer to be a participant in 
the study.  This methodology of subject recruitment could potentially lead to a higher 
probability that more fit individuals volunteered to be subjects, thus not giving a full 
representation of smokejumper fitness characteristics across the entire population.   
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METHODS: 
SUBJECTS.  Forty-two smokejumpers (35 = male, 7 = female) from across the western 
United States completed the study.  This group represented about 10% of the total 
smokejumper population, and the female participants represented 20% of the total 
number of female jumpers.  Participants were recruited randomly from a list of available 
smokejumpers from each base.  Smokejumpers were selected based on age classifications 
(20-29, 30-39, over 40) to represent the 2008 smokejumper age demographics.  
Participants had a minimum of one year of smokejumping experience.  Prior to any 
testing, participants were given a verbal explanation of the study, and they completed a 
University of Montana approved informed consent and physical activity readiness 
questionnaire (PAR-Q) health screening. 
 
EXPERIMENTAL DESIGN  Study participants reported to our lab at 0600 after an 
overnight fast.  Participants completed testing in the following order: anthropometric 
measurements—assessment of body density by underwater weight—and a graded 
exercise test measuring maximal aerobic fitness.  Twenty-eight smokejumpers completed 
testing in May prior to the fire season, and 14 were tested in October after the fire season. 
 
ANTHROPOMETRIC.  Participant height was measured by a standiometer without 
shoes.  Subject weight after void was measured in a bathing suit on a calibrated scale 
(Salter Brecknell, Fairmont, MN).  Hydrostatic weighing was used to measure lean body 
mass (LBM) (Exertech, Dresbach, MO).  Participants completed three trials and the best 
out of the three was recorded.  Equations by Siri (1961) were used to calculate percent 
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body fat from body density.  Equations by Quanjer et al. (1993) were used to predict 
residual lung volume. 
 
VO2 PEAK/VENTILATORY THRESHOLD.  Participants completed a graded 
exercise treadmill test to volitional fatigue (Trackmaster, Fullvision, Inc., Newton, KS).  
The test protocol began with subjects walking at 3 mph, 0 % grade for 3 minutes for a 
warm-up.  The test started at 4 mph and grade increased 2% every minute until 10% was 
reached.  Once at 10%, the grade remained constant and speed increased 0.5 mph every 
minute to volitional fatigue.  A smaller speed increase of 0.2 mph each minute was used 
between 7 and 8 mph to improve the prediction of ventilatory threshold.Expired gas was 
collected breath-by-breath with a Hans Rudolph mouth piece and analyzed into 15 second 
averages using a ParvoMedics metabolic cart (Salt Lake City, UT).  Prior to each test, the 
cart was calibrated with standard gas (16.02% O2, 3.98% CO2 and N2 Bal, Airgas Mid 
South, Inc., Tulsa, OK) and a Hans Rudolph three-liter calibration syringe (Kansas City, 
MO) to manufacturer’s specifications.  Ventilatory threshold (VT VO2) calculations were 
by visual estimation using ventilatory equivalencies, excess CO2 production, and a 
modified V-slope (Gaskill et al. 2001).  Two investigators calculated the VT VO2 values 
independently, and an average was taken if values were within 3% of each other.  If the 
two researchers were not within 3%, a third researcher independently calculated VT VO2 
for that participant.  The third researcher’s calculation was then compared to the original 
investigators’, and if the third value was within 3% of an original investigator, an average 
was taken.  If the third researcher was not within 3% of an original researcher, the 
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participant was dropped and VT was indeterminable.  Heart rate (HR) was continuously 
monitored using Polar Heart Rate monitors (Polar USA, Lake Success, NY). 
 
 
 
STATISTICAL ANALYSIS 
All data are expressed as mean ± SD.  One-way ANOVA was used to detect any 
differences based on age groups.  If a significant F ratio was detected, a Bonferroni 
correction was used to determine differences between age groups.  An independent t-test 
was used to determine any difference based on gender and pre- and post-season fitness 
levels.  All statistical analysis was performed using SPSS (Chicago, IL).  Significance 
was set at the α = 0.05 level. 
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Table 1.  Participant Descriptive Data.  Data shown as mean ± SD. 
RESULTS: 
Participant descriptive information, broken down by age and gender, is shown in 
Table 1..  There were 18 participants in the 20-29 age group, 18 in the 30-39 age group, 
and 6 in the over forty age group.  The over 40 age group had significantly more weight, 
and higher % body fat compared to the 20-29 age group, but they had similar lean body 
mass.   
 
 
 
SEASON STRATIFICATION  There were no differences between VO2 peak pre- and 
post-season (4.33 ± 0.81, 4.39 ± 0.48 L ∙ min
-1
; p = 0.77) or VT VO2 pre- and post-
season (2.76 ± 0.54, 2.72 ± 0.41 L ∙ min
-1
; p = 0.82).   
 
Age Group
20-29 27.56 ± 2.09 176.30 ± 8.41 73.32 ± 9.65 9.82 ± 3.91 66.11 ± 9.00
30-39 32.56 ± 2.33† 179.12 ± 8.77 80.36 ± 10.22 11.97 ± 4.98 70.58 ± 8.77
Over 40 45.17 ± 5.19‡ † 181.08 ± 4.57 84.38 ± 16.70 16.56 ± 2.69† 70.39 ± 14.3
Gender
Male 32.66 ± 6.45 180.71 ± 6.83 81.24 ± 9.28 11.70 ± 5.10 71.56 ± 7.59
Female 29.86 ± 6.34 165.61 ± 6.43* 61.31 ± 6.46* 11.75 ± 2.62 54.05 ± 5.19*
Overall 32.21 ± 6.44 178.19 ± 8.78 77.92 ± 11.57 11.7 ± 4.75 68.64 ± 9.73
Values shown as mean ± SD
† = significantly different from age group 20-29 ( p < 0.05)
‡ = significantly different from age from 30-39 ( p < 0.05)
* = significantly different from males ( p < 0.05)
Age Height (cm) Weight (kg) % Body Fat LBM (kg)
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Figure 1.  Aerobic fitness and ventilatory 
threshold broken down into age groups. 
Figure 2.  Age plotted versus peak and 
threshold aerobic fitness with a line of 
best fit. 
 
Figure 3  Levels of relative VO2 peak and VT 
VO2 broken down by age group.  * = p < 
0.05 vs 20-29 age group. 
AGE STRATIFICATION  Overall, VO2 
peak was 4.34 ± .71 L ∙ min
-1
 (56.00 ± 6.07 ml 
∙ kg-1 ∙ min-1), and VT VO2 was 2.74 ± 0.50 L 
∙ min-1 (35.71 ± 7.01 ml ∙ kg-1 ∙ min-1).  The 
percentage of VT VO2 to VO2 peak was 64 ± 
10%.  There was no significant difference 
between age groups for VO2 peak (F = .208, df 
= 39,2) or VT VO2 (F = .321, df = 39,2) 
when expressed as L ∙ min-1, (figure  1).  The 
rate of decline is shown in figure 2.  There 
was a significant decrease in VO2 peak in the over 
40 age group compared to the 20-29 age group 
(P = 0.009) and a significant drop in VT VO2 
from both the 30-39 ( P = 0.010) and over 40 
(P = 0.009) age groups compared to the 20-29 
age group when expressed as ml ∙ kg-1 ∙ min-1, 
figure 3.   The percentage of VT/VO2 peak for 
the different age groups were 20-29: 70%, 
30-39: 60% and over 40: 61%.  The rate of 
decline per decade for VO2 peak was 4 ml ∙ kg
-1 
∙ min-1, and VT VO2 was 5 ml ∙ kg-1 ∙ min-1 (figure 4). 
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Figure 4.  Rate of decline of relative aerobic 
fitness with age 
Figure 5:  Gender differences in peak and 
sustainable aerobic fitness.  * = p < 0.05 vs 
Males 
GENDER STRATIFICATION  There was 
a significant difference between males and 
females VO2 peak when expressed as L ∙ min
-1 
(P < 0.001), but there was no difference in 
VT VO2 (P = 0.567), figure 5.  There were 
no differences in VO2 peak in ml ∙ kg
-1 ∙ min-1 
(P = 0.602).  Females had a significantly 
higher VT VO2 of 80% compared to males at 
61%, (P < 0.001), figure 6.  Females also had 
a significantly higher VT VO2 based on lean 
body mass than males (P < 0.01). 
 
 
 
 
  
Figure 6.  Peak and threshold aerobic fitness 
between genders when accounting for body 
weight.   * = p < 0.05 vs Males. 
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DISCUSSION: 
The importance of sustainable aerobic capacity is critical to arduous job 
performance.  This study demonstrates that US smokejumpers maintain absolute 
sustainable aerobic fitness levels regardless of age or gender.  Even with the drops in 
aerobic fitness with age, the levels maintained by older US smokejumpers are above US 
population norms (ACSM, 2006; Åstrand et al, 2003) and minimal fitness requirements 
for wildland fire suppression (Sharkey and Gaskill, 2009). 
 
The fitness level of US Smokejumpers is higher than the general US population 
and similar to other strenuous occupational groups.  The average VO2 peak for untrained 
25 year old males in the general US population is approximately 45 ml ∙ kg-1 ∙ min-1, and 
for untrained females 35 ml ∙ kg-1 ∙ min-1 (ACSM, 2006).  Male smokejumpers averaged a 
VO2 peak of 10 ml ∙ kg
-1 ∙ min-1 higher than the general US population, and females were 
20 ml ∙ kg-1 ∙ min-1 higher.  The energy expenditures of military field personnel are 
reported to be similar to the expenditures of wildland firefighters, and similar occupations 
(Montain et al, 2008).  A study by Faff and Korneta (2000) on 50 male Polish 
paratroopers (age 19-22) reported a maximal aerobic fitness level of 49.8 ± 6.3 ml ∙ kg-1 ∙ 
min
-1
.  Also, Knapil et al (2006) reviewed multiple studies on new US Army recruits 
from 1975, 1978 and 1998 and reported males had a VO2 max on average of 50.7 ml ∙ kg
-1 ∙ 
min
-1
 and females were 38.07 ml ∙ kg-1 ∙ min-1.  Similar results were reported on thirty 
Male ROTC cadets (age 21 ± 2.2) with a VO2 max of 49.6 ± 6.1, and 13 females (age 20 ± 
2.4) 40.8 ± 3.9 ml ∙ kg-1 ∙ min-1 (Thomas et al, 2004).  On average the US military soldiers 
had lower maximal aerobic capacities than US smokejumpers.  The average sustainable 
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fitness of smokejumpers (2.74 ±  0.52 L ∙ min-1) was higher than the levels reported by 
Gaskill et al. (2001) for 22 sedentary individuals (1.62 ± 3.2 L ∙ min-1), and 30 active 
adults (2.05 ± 4.4 L ∙ min-1), while slightly lower than 132 cross country skiing athletes 
(3.01 ± 7.3 L ∙ min-1). 
 
The decreases in aerobic fitness with age are minimal in the US smokejumper 
population.  The decrease in relative VO2 peak between the 20-29 and over 40 age groups 
was 8.30 ml ∙ kg-1 ∙ min-1, and VO2 VT 9.21 ml ∙ kg
-1 ∙ min-1.  This decline rate was half 
that shown in the typical population (Shvartz and Reibold, 1990).  This decrease was only 
slightly larger than decreases reported by Azevedo et al (2001) for highly fit males 
engaged in regular running (30-60 km ∙ week-1).  This group reported a drop in maximal 
aerobic fitness of 3.5 ml ∙ kg-1 ∙ min-1 between participants less than 30 years of age and 
those 41-50 years of age.  However, the average maximal aerobic fitness of the 
smokejumpers over 40 years of age was higher than the values reported for active adults 
and sedentary individuals (Gaskill et al, 2001).  There was no statistically significant 
decrease in absolute VO2 peak 0.04 L ∙ min
-1
and VO2 VT 0.30 L ∙ min-1.  In normal 
populations the expected drops of maximal VO2 peak are 1 L during the same duration in 
aging (Shvartz and Reibold, 1990).   
 
The sustainable fitness level of female smokejumpers was the most novel finding 
in this study.  Much research has shown that females have lower aerobic capacities than 
males (Saltin and Åstrand, 1967; Thomas et al, 2004), however, this study shows 
similarities between the absolute sustainable fitness levels of male and female 
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smokejumpers, 2.76 and 2.64 L ∙ min-1 respectfully.  Female jumpers were able to sustain 
80% of their maximal aerobic capacity, whereas sedentary individuals can sustain around 
55% (Gaskill et al, 2001).  Research shows strong associations between sustainable 
fitness and event intensity (Coyle et al. 1983).  The aerobic fitness level associated with 
fireline digging—the most common physical task for smokejumpers—is shown to be 
about 2.2 L ∙ min-1 for typical-speed line construction and about 2.5 L ∙ min-1 for initial 
attack situations (Brotherhood et al. 1997; Docherty et al. 1992).  The similar absolute 
sustainable fitness levels between genders are likely due to the consistent workloads of 
line digging and other aerobically demanding tasks associated with smokejumping, such 
as heavy packouts.  Female smokejumpers are in the 90
th
 percentile of women in the US 
population for their maximal aerobic fitness levels (ACSM, 2006), therefore, only a small 
percentage of females in the US reach this level of fitness.  Smokejumping requires a 
high level of aerobic fitness for completion of job tasks and for safety, making aerobic 
fitness absolutely essential regardless of gender. 
 
The present study shows that all US Smokejumpers have very high levels of 
aerobic fitness regardless of age or gender.  The next step in understanding the demands 
of smokejumping is to quantify the offseason training required to maintain these high 
aerobic fitness levels.  The females in this study were able to sustain 80 percent of their 
maximal aerobic capacity. This level of aerobic fitness is typically only seen in elite high-
class female athletes (Bunc et al. 1993; Bunc et al. 1996).  The identification of female 
smokejumper training techniques and quantity during the offseason would be beneficial 
to help understand the year-round requirements to maintain job level aerobic capacity. 
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Summary  Both male and female US Smokejumpers have very high levels of aerobic 
fitness.  The ability of US Smokejumpers to maintain sustainable aerobic fitness 
throughout their careers, without the significant decreases seen in the general US 
population, demonstrates the relationship between sustainable fitness and job demands.  
The most novel finding of this study was the uncharacteristically high level of sustainable 
aerobic fitness shown by female smokejumpers.  This finding shows that both men and 
women must reach the high levels of sustainable aerobic fitness required for 
smokejumping in order to perform their jobs effectively. 
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ABSTRACT 
 
Smokejumpers are specialized wildland firefighters whose primary job is to parachute 
into remote small fires and quickly bring them under control.  The job requires a high 
degree of fitness to parachute into the fire, complete the manual work to control the fire 
and then to carry their 110+ pounds (50kg) out to the nearest road. PURPOSE:  To 
determine if the current physical training (PT) tests for US smokejumpers—push-ups, sit-
ups, pull-ups, and 1.5 mile run—accurately predict performance of smokejumper specific 
job tasks.  METHODS:  A total of 57 wildland firefighters (38 smokejumpers, 19 non-
smokejumpers) completed testing.  Laboratory measures included body composition, 
VO2 peak, and upper and lower body strength.  The PT tests included sit-ups, push-ups, and 
pull-ups for maximum repetitions, and a 1.5 mile run for time.  Field job specific tasks 
included: fireline digging (digging a 12 inch wide trench to mineral soil with a Pulaski 
tool), Three 3 mile (4.83 km) pack carry tests of 45, 85 and 110 lbs, and repetitious lifting 
and carrying heavy loads (moving objects weighing 45 pounds).  Pearson product 
correlations and multiple regression analysis were used to correlate the PT tests to job 
specific tasks.  RESULTS:  Subject descriptive data included age (29.67 ± 7.32 yrs), 
height (178.9 ± 8.16 cm), weight (77.26 ± 11.24 kg), and VO2 peak (55.54 ± 6.47 ml kg 
min).  Results of the PT tests were 119 ± 45 sit-ups, 53 ± 22 push-ups , 13 ± 7 pull-ups, 
and 9.78 ± 0.74 minutes for the 1.5 mile run. All PT test components except for the sit-
ups were significantly correlated to smokejumper specific job tasks.  Multiple regression 
of the current PT tests, except for the sit-ups, were significantly correlated with line 
digging (r = 0.628, adj r
2
 = 0.358; p < 0.001), pack outs (r = 0.641, adj r
2
 = 0.374; p < 
0.001), and lifting and carrying tasks (r = 0.818, adj r
2
 = 0.650; p < 0.001).  There were 
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no statistically significant differences between the heaviest and lightest individuals on PT 
test scores.  CONCLUSIONS:  The push-ups, pull-ups and 1.5 mile run, as job qualifying 
tasks for U.S. smokejumpers, are valid components of the PT test based on these results, 
although a heavy load pack test had stronger relationships with smokejumper job tasks 
than did the 1.5 mile run.  
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Introduction 
Within the organization of wildland firefighters, a group known as smokejumpers 
exists that parachutes into remote areas not accessible to other firefighters by ground.  
The Forest Service had promised, during its first years of existence, that it could stop 
wildfires (Egan, 2009).  The Forest Service realized that to accomplish this task, fires 
needed to be stopped when they were small.  However, during the early 1900’s, the only 
way to get individuals into remote fires was to hike them in, which could take days.  
After World War I, the Forest Service began to use airplanes for detecting fires, and to 
drop supplies in to wilderness areas.  Firefighters were soon jumping out of airplanes to 
reach fires in a quick time period (Maclean, 1992). The Interagency smokejumper 
operations guide states that smokejumpers can be effectively utilized for fires in roadless 
areas, or areas too remote for other resources to reach in a timely manner 
(Smokejumpers, 2007).  
 
Smokejumpers not only have the tasks of firefighting, but first must endure the 
initial jump. A paper by Farrow (1992) on parachute landing injuries found that civilian 
injuries are more severe than military. Their rational for this was the lack of fitness in the 
civilian population compared to the military paratroops.  Similar results are found in a 
Department of the Army Report.  Males with slower 2 mile run times and fewer push-ups 
had a greater risk of self-reported injuries (Report #12-MA-01Q2-08B). These data 
suggest that smoke jumpers require high muscular fitness levels to avoid jump landing 
injury which creates complicated rescues in their remote fire suppression areas. 
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Smoke jumpers must also be capable of effective fire suppression requiring 
fireline digging (digging a 12 inch wide trench to mineral soil with a Pulaski tool), chain 
saw work and a multitude of other physical tasks.  Performance of these tasks has been 
reported to have sustained aerobic cost of about 2.5L Oxygen/min (about 2.5 Kcal/min) 
(Docherty et al, 1992; Brotherhood et al, 1997) which must be sustained for many hours.  
Additionally, these specialized wildland firefighters typically work in areas where 
vehicles cannot travel, so all the 100+ pounds of equipment per person they require for 
the job must be packed out of the woods, often in rugged terrain without trails (USFS, 
2007) requiring excellent leg strength and aerobic fitness.  The muscular and aerobic 
fitness values reported for the tasks necessary to be an effective smokejumper far exceed 
population norms and it is estimated that less than 10% (ACSM, 2006) of the population 
can meet these standards. 
 
 It is not possible to test large numbers of wildland firefighters on actual wildland 
job specific tasks due to remote locations, risk, logistics and time constraints (most 
operational shifts are for 14-16 hours a day), thus surrogate fitness tests are utilized.  The 
smokejumper organization recognized that fitness was critical to their specific and unique 
job demands.  During the first years of smokejumping the requirement was ―to be in good 
physical condition.‖ (NSA, 2007).  In 1941, the second year of operational 
smokejumping, an increased emphasis was placed on the importance of being physically 
fit (NSA, 2007). The original fitness requirements were successful completion of an 
obstacle course and other physical tasks.  In the 1960’s the base Unit Leaders (now Base 
Managers) wanted to standardize the physical fitness requirements among bases (NSA, 
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2007).  After discussion among the base managers, the smokejumper program began 
using a physical fitness test battery in 1969.  The test battery consisted of a mile and a 
half run in eleven minutes to assess cardiovascular fitness, and 7 pull ups, 25 push-ups 
and 15 sit ups to assess muscular fitness.  The first agency-wide fitness requirement (step 
test), was not introduced until 1975 (Sharkey & Gaskill, 2010).  There is no apparent 
documentation as to why these specific minimums were chosen, but the specific tests 
were selected for the ease of administration and measurement within large groups.  Also, 
individuals could test themselves at any time (Northcutt, 1983).  These tests are still used, 
with the addition of the arduous work capacity test (3miles with 45lbs [20.5kg] in 45mins 
on flat terrain) that replaced the step test in the mid 1990’s (NIFC, 2011). 
 
 The current smokejumper physical fitness standards were developed prior to the 
establishment of Federal laws in 1978 defining employee selection procedures 
(Department of Labor, 1978).  These laws state that any selection procedure must contain 
important elements of job performance.  There is currently no data identifying the 
relationship between the smokejumper physical fitness test and job specific tasks, and 
new research has shown that some of these specific tests might not be the best predictors 
for the job tasks associated with smokejumping (Vanderburgh, 2008).  The work by 
Vanderburgh (2008) has shown that individuals with more muscle strength perform better 
at load carriage tasks.  The purpose of this project is to determine if the current physical 
training (PT) tests for US smokejumpers—push-ups, sit-ups, pull-ups, and 1.5 mile run—
accurately predict performance of smokejumper specific job tasks. 
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Study Limitations 
 The major limitation of this study was participant recruitment and participation.  
The smokejumper bases across the western United States were notified of the study and 
asked to submit a base list of all available smokejumpers during the study dates.  From 
that list a stratified random sample was taken for a total of 50 smokejumpers to give an 
age and gender appropriate study representation.  However, half of the smokejumpers 
chosen for the first round of testing were unable to travel due to budget restrictions 
(travel limitations).  Some bases filled the spots with any smokejumper that wanted to 
attend, while others were unable to be filled.  Therefore, the first round of testing 
participation was only twenty seven smokejumpers without full randomization. During 
the second round of testing, the jump bases were asked to supply any smokejumpers that 
were available to participate based on an age and gender stratification.  The non-
smokejumper group was a Type II initial attack crew that was chosen based on their 
proximity to the testing location and availability.   
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Task Score
Building Fire Line with Hand Tools 58.37
 Adverse Conditions 57.92
Packing Heavy Loads 53.47
Pack Outs 51.86
Hiking with Light Loads 51.74
Lifting and Carrying Light Loads 50.39
Chainsawing 46.98
Emergency Response 38.24
Tree Landing Descent 30.53
Table 1.  Job Task Analysis Identification 
of Core Critical US Smokejumper Tasks. 
Methodology 
Job Task Analysis 
 A job task analysis was sent to the seven United States Forest Service (USFS) 
and the two Bureau of Land Management (BLM) smokejumper bases.  The task analysis 
was used by the Missoula Technology and Development Center (MTDC) in the 1990’s 
for the development of the current arduous work capacity pack test for all wildland 
firefighters (Sharkey, 1994).  The job task analysis was modified and specific job tasks 
for smokejumpers were added after conducting interviews with smokejumper subject 
matter experts.  For each specific job task a 1-5 score was given, one representing very 
low or slow and five very high or very long.  Scores were given based on the following 
criteria: frequency, duration, difficulty and importance.  Frequency, duration and 
difficulty were added together and then multiplied by the importance.  This was so the 
importance of the task had the most bearing on its score.  These tasks were then order 
ranked. 
 
 A total of 50 
smokejumpers returned the job task 
analysis, from both USFS and BLM 
bases, for a response rate of about 
12.5%.  Table 1 reports the ranking 
and score of job specific tasks.  
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Table 2.  Study Participant Descriptive Data.  Reported as mean ± SD. 
Physical Fitness Test Evaluation 
Participants:  
An age and gender stratified random sample of 38 smokejumpers and a random sample of 
19 non smokejumper qualified wildland firefighters completed testing, for a total of 57 
participants.  Smokejumpers were from six of the nine United States smokejumper bases, 
and non-smokejumpers were from a Missoula, MT Forest Service Type II Initial Attack 
crew.  The Forest Service non-smokejumper participants had all passed the arduous work 
capacity test.  Subject descriptive information is shown in Table 2.   All subjects 
completed an approved University of Montana Institutional Review Board Informed 
Consent prior to data collection.  Testing occurred over three day periods in Spring 2009, 
2010 and Fall of 2009 in Missoula, Montana.  Figure 1 shows the test order and start 
times for the study.  The field tasks were performed in random sequence to prevent an 
order effect.   
 
 
 
  
SMJ Averages  
(n = 38)   
Non SMJ Averages 
N = 19)   
Combined Averages 
(n = 57) 
            
Age 32.58 ± 6.65  23.84 ± 4.68†  29.67 ± 7.32 
            
Height (cm) 179.86 ± 7.18  176.98 ± 9.77  178.9 ± 8.16 
            
Weight (kg) 79.86 ± 10.16  72.05 ± 11.73*  77.26 ± 11.24 
            
VO2 Peak            
ml/kg/min 55.87 ± 6.27  54.87 ± 6.97  55.54 ± 6.47 
            
l/min 4.45 ± 0.67  3.96 ± 0.87*  4.29 ± 0.77 
            
% Body Fat 11.74 ± 4.93  11.99 ± 4.70  11.82 ± 4.81 
            
Max Bench 
(kg) 328.18 ± 63.22  231.37 ± 97.45†  295.91 ± 88.39 
            
Max Squat 
(kg) 445.16 ± 96.29  337.42 ± 118.54† 409.25 ± 115.19 
            
            
            
* = p < 0.05 vs SMJ            
† = p < 0.001 vs SMJ            
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Lab Testing: 
Height/Weight:  Subject height was measured by a standiometer without shoes, and 
subject weight was measured in a swimsuit on a calibrated scale. 
 
Hydrostatic Weighting:  Subjects lean body mass (LBM) was measured using 
hydrostatic weighting.  Residual Lung Volume was predicted using equations by Quanjer 
et al, (1993).  Subjects performed underwater weighing trials on a calibrated electronic 
scale until two were within 10gm of each other and the highest value was used for 
determination of body density.  Equations by Siri (1961) were used to calculate percent 
body fat.   
 
VO2 Peak/Ventilatory Threshold  Exercise Test:  Subjects completed a graded exercise 
treadmill test  to volition.  The test protocol began with subjects walking at 3 mph, 0 % 
grade for 3 minutes for a warm-up.  The test started at 4 mph and grade increased 2% 
every minute until 10% was reached.  Once at 10%, the grade remained constant and 
speed increased 0.5 mph every minute to volitional fatigue.  A smaller speed increase of 
0.2 mph each minute was used between 7 and 8 mph to improve the prediction of 
ventilatory threshold.  Expired gas was collected breath-by-breath with a Hans Rudolph 
mouth piece and analyzed into 15 second averages using a ParvoMedics metabolic cart.  
Prior to each test the cart was calibrated with standard gas (16.02% O2, 3.98% CO2 and 
N2 Bal) and flow rates with a Hans Rudolph  three litter calibration syringe to 
manufacturer specifications.  Ventilatory threshold was calculated by the three method 
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model (ventilator equivalents, excess CO2, and v-slope) as described by Gaskill et al. 
(2001).  Heart rate (HR) was continuously monitored using Polar Heart Rate monitors. 
 
Maximal Strength:  Subjects completed a three repetition maximal (RM) strength testing 
for bench press and squat (Powertec Workbench, Model WB-MS10, Carson, CA) as 
stated by National Strength and Conditioning Association (Baechle and Earle, 2000). A 
three RM was chosen over a 1 RM to decrease the chance of injury due to a lower 
amount of weight lifted.  Estimation of 1-RM was with the prediction equation by 
Brzycki (1993).  Subjects completed the bench press exercise followed by the squat 
exercise. 
 
Field testing: 
PT Test:  Subjects completed the standard P.T. test (push-, sit- and pull-ups) to maximal 
values without resting for more than 3 seconds between repetitions, or a break in proper 
form for two consecutive attempts. A time limit was set at five minutes for each exercise 
test.  The 1.5 mile run time was recorded in minutes and seconds for total time.  There 
was a 10 minute rest period between exercises. 
 
Line Dig:  Subjects dug one chain (66 feet, 20.12 meters) of complete line (12 in, 0.31 
meters wide to mineral soil) as fast as possible.  This was completed twice with a 
minimum rest period of 10 minutes between trials for the smokejumpers, and once for the 
non-smokejumpers.  The non-smokejumpers only performed one trial due to the length of 
time required for them to complete this test and time limitations of the study.  Subjects’ 
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time to completion (minutes and seconds) was recorded.  During the line dig evaluators 
maintained appropriate line depth and width.  If the line was not complete, participants 
had to complete that area before the trial was considered complete and the time was 
stopped. 
 
Pack Tests:  Subjects completed three different three mile pack tests.  These were at 
weights of 45, 85 and 110 pounds.  The 45 and 110 were on level ground; the 85 on 
mountainous terrain.  Subjects were not allowed to support themselves with anything or 
sit down.  Subjects were required to walk during these tests as stated in Work Capacity 
Test Administrator’s Guide (NFES 1109).  Time to completion of each test (minutes and 
seconds) was recorded. 
 
Lifting and Carrying:  Subjects completed a repetitive lift and carry using three Cubee’s 
(45 lbs [20.5kg] water container) which were lifted from the ground and carried it 10m 
and placed it on a flat bed truck then returned to ground as many times as possible in 10 
minutes.  All three Cubee’s were moved from the ground to the back of a flatbed truck 
prior to them being returned to the original location. Subjects were shown proper lifting 
technique, but the lifts were not restricted. Movement of each Cubee from the ground to 
the truck was counted as one point, and the return trip was also counted as one point.   
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Figure 1.  :  Daily Schedule of Testing Protocol. 
 
 
Statistical Analysis: 
All data are expressed mean ± standard deviation.  Student t-tests were used to determine 
differences between qualified smokejumpers and non-smokejumper qualified wildland 
firefighters.  Pearson Moment correlations were used to determine the relationship of 
individual test components to individual field tasks.  Multiple regression analysis was 
used to determine the relationship of the combined physical fitness test components to the 
job demands as identified in the job task analysis.  Student t-tests were used to compute 
Day 1 (Monday)  Briefing of Subjects 
   
Day 2 (Tuesday)  Height/Weight 
  Hydrostatic Weighting 
  VO2 Max Testing 
  Maximal Strength Testing 
(Bench Press, Leg Press) 
 
  Pack Test 45 
   
Day 3 (Wednesday)  PT Test (Maximal Values)  Complete 
first by all subjects 
  110 Pack Test 
  Lifting /Carry Exercise (Cubee) 
   
Day 4 (Thursday)  85 Pack Test 
  Line Dig 
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differences between specific variables of interest, weight and gender.  Minimum 
standards were derived from mean ± 1 SD on job specific tasks as an acceptable 
performance and regression analysis of appropriate coefficients for PT test components.  
All statistical analysis was performed using SPSS (Chicago, IL).  Significance was set at 
the 0.05 level.
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  SMJ Averages   Non SMJ Averages   
Combinded 
Averages 
            
PT Test            
Run (min) 9.63 ± 0.77  10.11 ± 0.94*  9.78 ± 0.85 
            
Push-ups 64.24 ± 17.64  31.84 ± 11.00†  53.44 ± 21.95 
            
Sit-Ups 120.71 ± 44.97  115.68 ± 45.00  119.04 ± 44.64 
            
Pull-Ups 16.26 ± 5.12  7.37 ± 4.76†  13.3 ± 6.52 
            
            
Pack Tests            
45 (min) 34.05 ± 5.12  33.72 ± 4.55  33.94 ± 4.90 
            
85 (min) 55.65 ± 9.81  79.69 ± 14.64†  62.12 ± 15.5 
            
110 (min) 50.3 ± 6.98  65.9 ± 13.98†  54.5 ± 11.58 
            
            
Line Dig 
(min) 12.29 ± 3.5  29.73 ± 12.34†  17.89 ± 11.08 
            
Cubbie Carry 
(Total 
Moved) 37.25 ± 3.72  31.13 ± 3.79†  35.21 ± 4.71 
            
            
* = p < 0.05 vs SMJ            
† = p < 0.001 vs SMJ            
 
Table 3:  Core Critical Task Performances.  Reported 
as mean ± SD. 
Results 
 Physical Fitness and Field test results are shown in Table 3.  The smokejumpers 
performed significantly better than the non-smokejumpers on all PT tests except the sit-
ups, and all field tests except for the 45lbs pound pack test.  One male smokejumper of 
38 did not pass the PT test, and eight (one male and seven females) of 19 participants 
from the non-smokejumper group did not pass the PT test.  The ability to not meet the 
minimum requirements on one or 
more of the test components would 
result in not passing.  
 
 Correlations for individual 
components of the PT test compared 
to field tasks are shown in Table 3.  
Significant correlations with field 
tests were found for all PT test 
components except for sit-ups and the Work Capacity Test (45 pack test).  The PT test 
components with the highest correlations to line digging (critical task reported by the Job 
Task Analysis) were pull-ups and push-ups.  The other critical task of packing heavy 
loads also had strong correlations with pull-ups and push-ups. 
 
 The combination of push-ups, pull-ups and the 1.5 mile run yielded a significant 
correlation to the job tasks of line dig, pack out over mountainous terrain, and lift/carry 
(Table 4).  The replacement of the 1.5 mile run with a heavy pack-out however increased 
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Table 3.  Correlation coefficients matrix. 
Top row: pearson moment correlation coefficient 
Bottom row: p-value   
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predictability of the test.  Complete model fitting analysis is shown in appendix II.  Using 
the simple correlation regression values related to line digging, heavy load carriage over 
mountainous terrain, and repetitive lift/carry tasks, minimum scores for the associated PT 
task were derived.  The average score on the job task plus 1 and 2 standard  
 
deviations is shown in Table (5).   Those new recommended minimum standards are: 
push-ups 30, pull-ups 6, and a 1.5 mile run time of 10 minutes and 45 seconds.  If the 1.5 
mile run was replaced with a heavy pack load (110 lbs) the recommended pack time 
would be 65 minutes for a three mile carry over flat terrain.   
 
 
 
 
 
B 
(Unstandardized)
Beta 
(Standardized) Significance
1.5 Mile Run r = .628 2.770 0.223 0.086
Push-Ups adj r2 = .358 -0.164 -0.335 0.107
Pull-Ups -0.287 -0.172 0.428
Pack Test (110 lbs) r = .852 0.635 0.729 <.0001
Push-Ups adj r2 = .708 -0.037 -0.079 0.583
Pull-Ups -0.177 -0.11 0.449
1.5 Mile Run r = .641 5.958 2.820 0.025
Push-Ups adj r2 = .374 -0.249 -0.324 0.107
Pull-Ups -0.475 -0.187 0.374
Pack Test (110 lbs) r = .841 1.209 0.842 <0.0001
Push-Ups adj r2 = .830 -0.156 -0.236 0.027
Pull-Ups 0.202 0.089 0.402
1.5 Mile Run r = .818 -2.795 -0.525 <0.001
Push-Ups adj r2 = .650 0.071 0.339 0.028
Pull-Ups 0.070 0.098 0.538
Pack Test (110 lbs) r = .868 -0.268 -0.678 <0.001
Push-Ups adj r2 = .738 0.310 0.146 0.285
Pull-Ups 0.099 0.135 0.327
Line Dig
Heavy Load Carriage
Lift and Carry
Table 4.  Multiple Regression Analysis 
43 
 
Table 6.  PT test components based on body weight or fat free 
mass, to core critical smokejumper tasks. 
 
 
 
 There were no differences in PT test performance between subject quartiles of the 
heaviest and lightest weight body weight, or fat free mass (FFM) (Table 6).  However, 
the quartile with the highest FFM was able to perform the job specific tasks of line 
digging (4 minutes), field pack test (12.5 minutes) and lift/carry (5 more) significantly 
faster than the quartile with the lowest FFM. 
 
 
 
  
Combinded 
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Push-ups 61 49 49 26 42 17 51 31
Pull-ups 15 12 12 5 10 2 12 6
1.5 Mile (min.sec) 9.29 10.05 10.01 11.04 10.16 11.13 9.55 10.47
110 Pack Test (min.sec) 53.17 10.04 56.56 64.31 60.59 72.09 57.04 64.55
Line Dig 85 Pack Lift/Carry
Push-ups Pull-ups Sit-ups 1.5 Mile Line Dig 85 lbs Cubbie
Lowest Quartile BW 62 16 125 9.46 13.56 62.01 35
Highest Quartile BW 59 14 101 10.06 10.75 52.40 37
ttest 0.645 0.318 0.231 0.104 0.097 0.040 0.380
Lowest Quartile FFM 63 16 117 9.58 14.35 64.46 35
Highest Quartile FFM 61 17 112 9.50 10.48 51.85 39
ttest 0.750 0.670 0.800 0.836 0.047 0.006 0.006
PT Test Field Tests
Table 5.  Minimum Standards Matrix 
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Discussion 
 
 In order to utilize a test as a condition of hire in the United States employers must 
adhere to the laws set forth by the Employee Selection Procedures of 1970, which state 
that the test be related to the essential elements of the job (Department of Labor, 1978).  
The purpose of the current study was to evaluate if the existing smokejumper physical 
training test meets those guidelines.  Using a task analysis model (Taylor and Groeller, 
2003) the current study identified 1) essential job tasks, 2) key tasks elements, and 3) 
validated test components of the current smokejumper physical training (PT) test to the 
essential job tasks.  This study determined that the current PT test components, except for 
the sit-ups, were correlated to smokejumper job tasks.  It was also found that a different 
test (heavy pack test) is a better predictor of job tasks than the 1.5 mile run. 
 
 It is an employer’s responsibility to protect employees, and by identification and 
proper testing of core critical tasks an employer will not put an individual into a 
potentially harmful situation (Rayson, 2000).  The first part of the current study was the 
identification of critical job tasks associated with smokejumping.  The job task analysis 
of smokejumpers yielded that line digging and ability to pack heavy loads were critical 
job tasks.  Prior research has reported that the aerobic cost of line digging with a hand 
tool to be 2.5 L/min (Docherty et al, 1992; Brotherhood et al, 1997).  The percentage of 
individuals that have this fitness level are above the 90
th
 percentile (ACSM, 2006).  
These studies show the high level of fitness required for the occupational job of 
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smokejumping and the need for a yearly fitness assessment to ensure that these 
minimums are met. 
 
 The correlations found in the current study between the smokejumper PT test 
components and actual job tasks are supported by Sharkey et al. (1980).  This group 
reported in over 100 wildland firefighters ranging from first year to veteran 
smokejumper, relationships between chin ups x weight (total work in foot pounds) with 
line digging (-0.528) and load carriage (-0.627).  Docherty et al (1992) reported similar 
correlations between push-ups and chin-ups to load carriage (-0.60, and -0.58).  These 
three studies show that push-ups and chin-ups are related to job tasks associated with 
different groups of wildland firefighters.   
 
The current study did not find a significant relationship between sit-ups and 
smokejumper job tasks.  Sharkey et al (1980) did find a low, but significant correlation (-
.370) between sit-ups and line digging and a moderate correlation with load carriage (-
.582).  This same relationship was not found with the current study or Docherty et al 
(1992).  These conflicting findings could be due to the similarities in number of sit-ups 
performed by all study participants in the current study.  There were no differences in the 
total number of sit-ups between the smokejumpers and non-smokejumpers.  The lack of a 
relationship could also be due to the nature of the sit-up methodology of the 
smokejumper PT test.  The current PT test allows for participants to lock their feet and 
perform a full sit up.  This technique (feet fixed) has been shown using electromyography 
to increase activation of the rectus femoris, while the activation all the abdominal 
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muscles decreased (Parfrey et al, 2008).  That study also recommended not completing a 
full sit-up because the final movement also targets the hip flexors, more than the core.  A 
study by Knudson (2001) reported that a bent truck curl-up test has low correlations to 
abdominal strength (0.36 men, -0.21 women) and moderate correlations to endurance 
(0.50 men, 0.46 women).  The current smokejumper job tasks involve load carriage 
above 110 lbs and constant hip flexion while digging fire line, which involve core 
strength.  Therefore, the smokejumper PT test should consider modification (removal of 
fixed feet and full range of motion) of the sit-up component to be more accurate predictor 
of abdominal strength or use of a different type of test for assessment of abdominal 
strength.  An additional consideration of the poor correlation between sit-ups and job 
tasks is that most smokejumpers may have adequate core strength above which there is 
little relation to job performance.  Most smoke jumpers and wildland firefighters report 
the need for good core strength to perform line digging, chain saw work and heavy 
packing.  The lack of relationship between sit-ups and job tasks does not argue for 
exclusion of the sit-up test, but for possible further evaluation to determine a reasonable 
standard for core strength not identified by this study. 
 
 The recommended modifications to the test for pass/fail criteria were based on the 
average time during the field tests plus two standard deviations; this would theoretically 
include 97.65% of the current smokejumper population to pass.  This methodology was 
similar to Sothmann et al, (2004) where videos of different performance times were 
viewed by incumbent personnel.  This group reported the average of times on job tasks in 
the study were judged acceptable (83%), when 1 SD was taken, the percentage judged as 
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acceptable drop to 22%.  The use of two standard deviations instead of the group average 
or one standard deviation was because the study population was not a complete random 
sample and therefore this was an extra precaution to protect any protected group 
according to the Federal Law (Department of Labor, 1978).  The use of two standard 
deviations was also determined to be applicable because the PT test is a minimum fitness 
standard.  The recommendations to a higher standard on the smokejumper PT test would 
increase the potential for adverse impact.  Out of the 38 smokejumpers that completed the 
study 3 would have not meet the new recommended standards (8%) on the standard PT 
test.  One would have not passed the 1.5 mile run, one would have not passed the heavy 
pack test, and one would have not passed either.  No smokejumpers would have failed the 
push-ups or pull-ups.    Therefore, the modification of a heavier packout test instead of a 
1.5 mile run only increases the validity of the test, but does not decrease the possibility of 
having an adverse impact. 
 
 The work by Sharkey et al (1980) used total number of chin-ups relative to body 
weight to prevent a bias in test performance due to body mass, the same concern raised 
by Vanderburgh (2008) about the military physical fitness test.  The job tasks in the 
military and smokejumping do not typically require movement of just an individual’s 
body weight, as tested for by the current PT test regiment, but the additional weight of 
packs.  There was a significant difference between the job performance tasks tested; 
individuals with heavier body weight and those with more fat free mass did have faster 
performance on job tasks than lighter individuals, which supported the concerns raised by 
Vanderburgh (2008).  The relationship between leg strength and performance on heavy 
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load carriage over mountainous terrain was -.638 for the current study, and the 
relationship between fat free mass was significantly correlated with lower body strength 
.711.  It should be noted the current study found no bias between the heaviest and lightest 
individuals on PT test scores when using the entire study group, or just the current 
smokejumpers.  This lack of a body mass bias is supported by Bishop et al (2008), where 
with similar body weights for the heaviest and lightest cohorts, body weight accounted 
for 6% of the scores.  The current smokejumper PT test did not have bias against heavier 
(more muscle mass) individuals that performed better on job tasks.  The pull-up test is 
justified due to the requirement to be able to lift bodyweight plus pack to self rescue from 
tree landings.  Since the self-rescue (or other appropriate term) requires only a short (2-
4cm) lift of the body + pack a more specific test might be more appropriate.  Since the 
focus of this study was to evaluate only current tests this new test evaluation will need 
future study. 
 
 Another challenge to physical fitness tests is due to gender, (Jackson, 1998).  
Females typically have a lower aerobic and muscular fitness (ACSM, 2006).  However, 
with training, females can reach or surpass males in these fitness parameters (Kraemer et 
al, 2004; Kraemer et al, 2001).  Female smokejumpers were able to pass the current PT 
test; however none of the non-smokejumper females were able to pass the PT test, 
compared to one male smokejumper and one male non-smokejumper who were not able 
to pass the PT test.  Out of the seven non smokejumper females in the study, only one 
could complete 7 or more pull-ups.  Out of the 7 non-smokejumper females that could not 
pass the PT test, four could also not complete the field 85 lb pack test.  A study by 
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Kraemer et al, (2001) has shown that females have approximately 50% absolute upper 
body strength compared to men.  This supports our findings that female non-
smokejumpers had 42% of the upper body strength of the males in our study.  The female 
smokejumpers had 62% of the upper body strength of the males, and were all able to 
complete over 7 pull-ups.  The two studies by Kraemer et al (2001; 2004) show that with 
6 months of strength training untrained females could increase the maximal bench press 
and squat by approximately 10 kg and 20 kg respectfully and were similar to males.  A 
study by Sharkey (1980) showed females engaged in an active strength training program 
could increase from 0 to 7 pull-ups.  The studies by Kraemer (2001, 2004) also show that 
females were within 90% of male performance on endurance based tests (loaded run, 
repetitive box lift).  Our results were similar with female smokejumpers performance at 
85% of males for the 85 lbs field pack test and 105% of males for push-ups compared to 
all males in the study.  Prior studies along with our data support that females can reach 
strength levels comparable to men if they complete strength training prior to testing.   
 
 The current physical fitness test (PT test) used by smokejumpers has a strong 
predictability of job performance.  However, there is room for possible improvement in 
the components of the PT test for a better relationship to job tasks.  The current PT test 
has no real measures of leg strength.  This study found a moderate relationship (-0.622) 
between leg strength and heavy load carriage, which was higher than the low relationship 
to maximal relative aerobic fitness (-0.209), but similar to absolute aerobic fitness (-
0.512).  The standard test for all wildland firefighters (including smokejumpers) is the 
arduous pack test (45lbs, 45mins, 3 miles), because it has a common weight that is 
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typically carried on the fire line and has components of lower body strength (Sharkey, 
1994).  The current arduous pack test is not correlated with smokejumper tasks as shown 
in the current study, but also the ability to carry 45lbs did not extrapolate to carrying over 
100lbs as is typical of smokejumpers.  A heavier pack test of 110 lbs on flat ground 
showed strong correlations with lower body strength (-0.711) and absolute aerobic fitness 
(-0.717).  The heavy load carriage test also showed strong correlations with actual job 
tasks of line digging (0-.839) and a pack out over mountainous terrain (0.903).  The 
addition of a heavy pack test might increase the relationship of the PT test to actual job 
tasks, but could also increase musculoskeletal injury during training or actual test 
administration (Knapik et al, 2004). 
 
 A critical job task identified was a let-down procedure for when a smokejumper 
has landed in a tree.  This procedure involves the smokejumper rappelling down to the 
ground once they have released themselves from the parachute.  The parachute release 
involves doing a partial one arm pull-up with all their jump gear on (approximately 85 
lbs) and then lowering themselves until their rappel line is tight.  They must complete this 
as smoothly as possible to prevent the parachute from dislodging from the tree.  The base 
managers identified this task and the relationship to pull-ups in the PT test.  During this 
study, smokejumpers were put on a simulation tower and performed a let-down 
procedure with an accelerometer attached to the suspension line to quantify the 
smoothness of their parachute release.  During testing the local smokejumper base 
completed a new simulation tower and removed the one used at the start of testing.  
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Therefore, the data from the two towers could not be compared due to the attachment 
point, and this critical job task still needs further research. 
 
Conclusion: 
 The need for fitness screening with US Smokejumpers is necessary due to the 
high sustainable fitness levels required for the job tasks, including line digging and heavy 
pack outs.  This study, using methodologies for validating employee selection 
procedures, found that the 1.5 mile run, push-ups and pull-ups are significantly correlated 
with actual job tasks, while sit-ups were not.  Based on relationships with job tasks, new 
standards for the current PT tests, related to the average job task value with an adjustment 
of two standard deviations, were recommended. The addition of a heavy pack out to 
replace the run increased the relationship to job tasks and should be considered for 
inclusion into the fitness standards. 
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Abstract: 
Wildland firefighters (WLFFs) wear fire-resistant uniforms, which differ between fire 
agencies in layers required. Efficient body-heat dissipation is important for the safety and 
performance of WLFFs who work arduously in hot environments where hyperthermia 
leads to exhaustion. PURPOSE: Evaluation of thermoregulatory effects between three 
WLFF uniforms during work in the heat. METHODS: Nine males (24.6 ±4.1 years, 
190.0 ±17.1 cm, 81.0 ±7.9 kg, 11.2 ±3.5 %body fat, 57.4 ±5.4 ml kg
-1
min
-1
 VO2) 
completed three separate, three-hour trials of treadmill walking (3 mph, 4% grade) in a 
heat chamber (37  0.05 C, 30  7.6 % RH), with a 10-minute rest period each hour. 
During each trial, subjects wore different uniforms: Nomex [SLI], Kevlar impregnated 
Nomex [SLII], and double-layered Nomex [DL]. Dependent variables measured were 
skin and core temperatures, heart rate, thermal comfort, and rating of perceived exertion. 
Physiological strain index (PSI), rate of core temperature rise, heat storage, and body 
weight changes were calculated. Results were analyzed using a Repeated Measures 
ANOVA; significance was set at 0.05. RESULTS: No significant differences were found 
in heart rate or weight change. Over time PSI was significantly lower for SLI than DL 
(p=0.038), while SLII trended to be lower than DL (p=0.070).  Over time Core 
temperatures were significantly lower during SLI and SLII than DL (p=0.001, p=0.015 
respectively).  DL showed significantly higher total body temperature compared to SLI 
and SLII over time.  CONCLUSION: Greater physiological strain results from working 
in multiple uniform layers in hot environments over time.  Agencies requiring double 
layers might benefit by decreasing clothing layers to avoid physiological strain increases 
and decreases in work performance. 
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Introduction: 
 
Wildland firefighting is a strenuous occupation in extreme environmental conditions—
smoke, heat, altitude—and long, arduous work shifts lasting 14-16 hours a day for 14 to 
21 days.  The average energy expenditure digging hand line with a Pulaski is between 7.5 
and 12 kcal ∙ min-1 (Sharkey and Gaskill, 2009; Brotherhood et al, 1997), while Ruby et 
al. (2002) reported total energy expenditure of 4,000-6,000 kcals ∙ day-1.  Studies from the 
same laboratory have shown, using a deuterium methodology, that American WLFFs 
have water turnover rates of 4-6 L ∙ day-1 (Ruby et al, 2003). 
 
During wildfire suppression, WLFFs are required to wear personal protective clothing 
(PPE).  The majority of these requirements are for protection of the individual from 
external factors associated with the fire environment, while minimal attention is paid to 
factors affecting the body’s internal environment (NFPA).  California Department of 
Forestry and Fire Protection agency (Cal Fire) currently uses a two-layer PPE garment, 
while the Federal Agencies (USFS, BLM, NPSBIA, FWS) use a single layered garment.  
A study by Rucker et al. (1999) demonstrated that a double-layered uniform better 
protected a thermal manikin exposed to a ―flash fire front‖ at 1800-2000 º F for four 
seconds when compared with a single-layered uniform. The two-layered Cal Fire uniform 
showed a significantly lower percentage of surface area reaching 2
nd
 and 3
rd
 degree burn 
criteria when compared with the single layered USFS uniform for both loose (CAL = 
15.87%, USFS = 52.67%) and tight ( CAL = 12.53%, USFS = 53.10%) fitting clothing.  
The authors recommend continual use of a two-layer system to protect from flash fires. 
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 The human body maintains a small window of body temperature homeostasis, 
with a majority of protective mechanisms designed to prevent hyperthermia (increase in 
core body temperature).  Once core temperature raises to a critical temperature of 40 °C 
(104 °F) the body is in heat stroke (Armstrong et al, 2007).  Heat stroke is a potentially 
fatal illness where the central nervous system is adversely affected, and can be 
compounded by liver damage, water and electrolyte imbalance, and kidney failure and 
disseminated intravascular coagulation (Carter et al, 2006).  Budd et al (1997) showed 
that 70% of the thermal heat stress experienced by WLFFs is from metabolic heat caused 
by muscle contractions and 30% is from the fire environment, including the influences of 
weather and the fire itself.  These authors recommend that the primary purpose of PPE 
should be to dissipate body heat produced from activity of suppression tasks, not to keep 
the heat of the fire environment away from the body. 
 
Studies have shown that the addition of PPE clothing layers during exercise increases 
heat strain on individuals (Northington et al., 2007; Cheuvront et al., 2008; McLellan, 
1996).  This increase in heat strain can result in decreased work production due to fatigue 
(Cheuvront et al., 2010; Nybo and Nielson, 2001) or injury (Cuddy and Ruby, 2011).  
When fire managers are determining suppression operational plans they reference the 
Fireline Handbook, Appendix B: Fire Behavior (NIFC, 2004).  The Fireline Handbook 
recommends that fire intensity needs to be below 100 British Thermal Units (BTU)/ft/s 
for handline construction to be effective.  If the fire intensity is above that, other methods 
of suppression activities are recommended.   The purpose of this study is to evaluate 
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different PPE ensembles on physiological makers of heat strain during three hours of 
exercise in the heat. 
 
Study Limitations: 
 The main study limitation of this project is that it occurred in a laboratory setting.  
The wildland fire environment is very dynamic with a plethora of factors affecting fire 
behavior, suppression tactics and individual wildland firefighter choices.  This study was 
conducted in a heat chamber where the environmental conditions were kept constant, and 
the study participants were forced to maintain a specific work rate.  Another limitation 
was the measurement of dependent variables.  There is always some error associated with 
measurement, but to minimize the variability in error between trials and subjects, there 
was a standardized protocol for all dependent variable measures. 
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Methodology: 
 
Population: 
Nine healthy males participated in this study: an a priori power analysis (G* Power 3.1.0) 
revealed a sample size of nine was required for detection of meaningful differences (>1.0 
°C) in core temperature (Cheuvront et al, 2008).  All participants had a VO2 peak of at least 
45 ml ∙ kg-1 ∙ min-1, as required for wildland fire suppression.  Anthropometric data are: 
24.6 ± 4.1 years, 190.0 ± 17.1 cm, 81.0 ± 7.9 kg, 11.2 ± 3.5 %body fat, 57.4 ± 5.4 ml ∙ kg-
1 ∙ min-1 VO2 peak.  Prior to data collection, study participants were given a verbal 
introduction to the study and signed a University of Montana approved informed consent 
and completed a physical activity readiness questionnaire (PAR-Q). 
 
Initial Visit: 
 
Body mass was determined using a calibrated scale and height with a standiometer.  
Hydrostatic measurements were taken on a calibrated scale (Exertech, La Crescent, MN) 
until two values were achieved within 100 grams of each other.  Body density was 
determined using hydrostatic weighing, and conversions to body fat percentage were 
made using equations by Siri (1961).  Following hydrostatic weighing, participants 
performed a maximal graded exercise test on the treadmill (Trackmaster, Fullvision Inc., 
Newton, KS) to determine peak oxygen uptake (VO2peak).  During testing heart rate was 
monitored with a Polar monitor (Polar Electro Inc., Woodbury, NY), and oxygen uptake 
was measured using a two-way mouth piece (Han’s Rudolph, Inc., Kansas City, MO) and 
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ParvoMedics metabolic cart (ParvoMedics, Salt Lake City, UT).  Oxygen uptake was 
determined by collecting expired gas and averaging it every 15 seconds.  Gas and flow 
calibration of the cart were performed prior to each participant’s trial according to 
manufacturer directions.  During the graded exercise test, VO2peak was determined by the 
highest 15-second average. 
 
Exercise Trial 
 
Participants completed three exercise trials in a heat chamber at 38  0.05 ºC, 30  7.6 % 
RH with seven days between trials.  Twelve hours prior to testing, participants refrained 
from strenuous exercise and alcohol consumption.  Participants completed three hours of 
intermittent walking at 3 mph and 4% grade, carrying a 20 kg pack--VO2 ≈ 21.5 ml ∙ kg
-1 
∙ min-1 based on ACSM equations—for 50 minutes, followed by a 10 minute break.  This 
exercise intensity was chosen to mimic the workload demands of wildland firefighting 
(Sharkey and Gaskill, 2009).  During the break, participants were able to remove the 
pack, but were not allowed to leave the heat chamber.  Subjects were allowed to drink 
water ad libitum from premeasured bottles. 
 
Uniforms 
 
In a random cross-over repeated measures design, participants completed a trial with each 
of the three uniforms randomly assigned: the standard Forest Service issued Nomex pants 
and shirt (SLI), the Kevlar-Nomex blend pants with standard Forest Service shirt (SLII), 
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or the California Department of Forestry and Fire Protection double layer uniform (DL).  
The SLI uniform consists of 7.7 oz. Nomex pants and a 5.8 oz. Nomex shirt. The SLII is 
a 7.0 oz Kelvar-Nomex blend pant and a 5.8 oz. Nomex shirt.  The DL uniform has inner 
7.5 oz. Nomex pants and outer 5.8 oz. Nomex pants with a 5.8 oz shirt that has 9 oz. 
Indura cotton sleeve liners.  Agency specific gloves were used for respective trials, and a 
standard hard hat and 20 kg fire pack were worn for all trials.  Participants wore a 100% 
cotton t-shirt under the uniforms, and they wore athletic shoes to reduce the potential for 
blisters. 
 
Experimental Design 
 
Participants voided their bladder prior to the trials. A urine sample was collected pre- and 
post- trial and frozen at -80 ºC for later urine specific gravity analysis.  A nude body 
weight was measured on a calibrated scale pre- and post-trial.  All testing occurred at the 
same time of day to avoid diurnal changes in core body temperature (Morris et al., 2009).  
Core body temperature (Tc) was measured using a telemetric core temperature sensors 
(Mini Mitter) consumed 10 hours prior to testing with 200 ml of water.  Heart rate (HR) 
(Polar) and Tc were monitored continuously and simultaneously recorded every 10 
minutes.  Skin temperature was measured using telemetric sensors (Mini Mitter) placed at 
four locations (chest, forearm, leg, and calf) (Ramanathan, 1964) and recorded every 10 
minutes.   
 
Dependent Variable Calculations: 
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Physiological Strain Index (PSI) (Moran et al. 1998): 
PSI = 5(TCt – TC0) x (39.5 – TCO) 
-1
 + 5 (HRt – HR0) x (180 – HR0) 
-1
. 
 
Mean skin temperature (Tsk) ( Ramanathan 1964): 
Tsk = 0.3 (TChest + TForearm) + 0.2 (TThight+ TCalf) 
 
 
Body Temperature (Gagge and Gonzalez, 1996)  
Tb = xTc + (1-x) Tsk 
X  is a weight coefficient of skin to rectal temperature due to creation of a thermal 
gradient, (0.90) is used for hot environments as described by Gagge and Gonzalez. 
 
Heat Storage (Gagge and Gonzalez, 1996) 
S = (0.97 x Body Mass/BSA) x (ΔTb/Δt) 
ΔTb = change in body temperature at time point of measurement from initial 
Δt = total time of exposure 
 
Body Surface Area (DuBois and DuBois, 1916) 
(BSA) = 0.202(m)
0.425
(H)
0.725 
m = body mass (kg) 
H = height (m) 
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Statistical Analysis 
 
Data were analyzed using a 2 way repeated measures ANOVA (time x trial) to determine 
any differences between uniforms and time points compared to the initial time point 
taken immediately prior to entering the heat chamber.  If a significant F value was 
detected, a post hoc analysis was performed using a Bonferoni correction.  Significance 
was set at the 0.05 level.  Analysis was performed using SPSS statistical software (SPSS, 
Inc.).   
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*
,
† 
* 
Figure 2.  Physiological strain index associated with 
increased layers of PPE.   * = p<0.005 vs SL-I; † = p<0.05 vs 
SL-II. 
 
RESULTS: 
 All participants completed the full trial duration for the SLI and SLII clothing 
types; three participants were removed from the heat chamber prior to completion of the 
DL trial due to core temperatures reaching 40 °C, a predetermined test termination core 
temperature.  Their data was included in the analysis. 
 
There was a time by trial interaction for core temperature (Tc) (F = 5.023 df = 48, 
4; p = 0.002), Figure 1.  The Tc differences from rest to exercise completion were not 
different between SLI and SLII 
uniforms (0.30 ± 0.2855 °C, p = 
1.000) but were significantly lower 
than the DL (1.21 ± 0.30 °C, p = 0.001 
and 0.92 ± 0.30 °C, p = 0.015 
respectfully).  The DL trial had a 
significantly higher PSI compared to 
SLI and SLII (F = 3.326, df = 4, 48, p 
= 0.029), Figure 2.  The DL (26.70 ± 
9.61 W ∙ m2) had a significantly higher rate of heat storage compared to SLI (12.92 ± 
8.16 W ∙ m2), Figure 3. 
 
There was a significant time by trial interaction for mean skin temperature (F = 
3.201, p = 0.043), Figure 1.  Body Temperature had a significant time by trial interaction 
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Figure 3.  Rate of Heat Storage associated with different 
levels of PPE.  * = p < 0.05 vs SL-I; SL II vs DL p = 0.056. 
(F = 4.828, df = 4, 48, p = 0.007).  Heart rate response was similar between trials (F = 
.627, df 4, 48, p = .601).  
 
 There were no differences 
between trials for changes in body 
weight accounting for fluid intake 
(SLI- 3.16 ± 0.34, SLII – 3.14 ± 
0.20, DL 3.03 ± 0.23 kg).  There 
were no differences in fluid 
consumption between uniform 
configurations (SLI = 1.92 L, SLII =1.81L, and DL = 1.89 L, p > 0.05).  Percent 
dehydration was not different between trials SLI = 1.5%, SLII = 1.6% and DL = 1.4%.  
Urine specific gravity was similar between trials (SLI pre = 1.012 ± 0.008, post = 1.014 ± 
0.006; SLII pre = 1.010 ± 0.002, post = 1.016 ± 0.002; DL pre = 1.007 ± 0.002, post = 
1.016 ± 0.003) 
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Figure 1.  Physiological measures of temperature after 3 hours of exercise in the heat with double layers 
compared to single layers of PPE.  * = p<0.005 vs SL-I; † = p<0.05 vs SL-II. 
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Figure 4.  Duration of time extrapolated 
using core temperature rate of rise from hour 
2-final before subjects would reach critical 
temperature (40 °C).  
Discussion: 
Mitigation of heat stress is critical to prevent decreases in performance and heat 
illnesses in many occupational settings.  Several interventions to reduce heat stress have 
been analyzed in these settings, including various cooling garments (Chen et al., 1997, 
Heled et al., 2004) and alterations in physiological status such as fitness (McLellan, 
1996) and hydration levels (Hostler et al., 2009).  However, in the wildland fire 
environment, these options are not practical. Therefore, the design of personal protective 
clothing must maximize protection from the environment while minimizing metabolic 
heat storage.  The two layer PPE combination increased core temperature after three 
hours on average 1.15 ° C over the single layers and caused a heat storage rate of 12.48 
W /m
2
.  If the same rate of rise from hour 
two to the final core temperature was 
extrapolated until a critical core temperature 
of 40° C was reached, the total duration of 
work for the double layer uniform would be 
5.8 hours, while the work duration for the 
two single layer uniforms would be over 13 
hours (figure 4). During the study, four out of the nine subjects were removed during the 
DL trial due to Tc reaching 40° C. 
 
 Physiological strain (PSI) was significantly higher after three hours of exercise in 
the heat with double layers compared to single layer uniforms.  The strain associated with 
the double layer uniform PSI was high-very high, while the single layers were moderate 
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after three hours (Moran et al, 1998).  Unpublished data from the University of Montana 
on PSI during actual wildfire suppression reported a PSI of 4 or 5.  The PSI with the 
single layer uniforms was similar to the military battledress uniform (BDU).  The double 
layer uniform was higher than the military BDU with an additional protective vest 
(Cheuvront et al., 2008).   
 
The exercise intensity during this study was approximately 21.5 ml ∙ kg-1 ∙ min-1 to 
mimic the intensity of wildland firefighting (Sharkey and Gaskill, 2010).  However, other 
studies have shown the intensity of wildland firefighting to be approximately 32 ml ∙ kg-1 
∙ min-1 (Brotherhood et al., 1997; Docherty et al., 1992).  This discrepancy in intensity 
could be critical in the initiation of thermoregulatory response.  The case study by Cuddy 
and Ruby (2011) demonstrates the high intensity work required of WLFFs coupled with 
the exothermic characteristics of muscle contractions, and ambient conditions can lead to 
a heat related event.  Gant et al. (2004) showed that thermoregulatory responses were 
sensitive to relative workload.  Individuals with a high fitness level exercising at a fixed 
workload were able to maintain a lower core temperature compared to a moderately fit 
group.  The current fitness standard used by federal wildland fire agencies—a 45 pound 
pack test carried for 3 miles on flat ground at a minimum speed of 4 mph—requires a 
minimum fitness level of 45 ml ∙ kg-1 ∙ min-1.   Agencies requiring multiple layers of PPE 
might benefit by having a higher fitness level requirement to lower the relative workload 
of wildland fire fighting tasks. 
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The two single layer uniforms differed only by the pant fabric composition.  The 
similarities in the results between these two uniforms echoed the results of similar studies 
by Gavin et al. (2001) and Brazaitis et al. (2010). These studies compared different shirt 
composition on thermoregulation and found no differences in Tc after a 45 or 60 minute 
exercise session in the heat.  Those findings should be interpreted with caution when 
comparing them to the current study, both of those studies compared a different shirt 
composition while this study had different compositions of pants.  It appears from these 
two prior studies that small changes in fabric composition do not increase 
thermoregulatory stress as shown by addition of layers in the current study. 
 
Prior research on uniforms and thermoregulation has primarily focused on 
structure firefighting PPE (Williams et al., 2011), hazardous materials protective suits 
(McLellan, 1996), or military protective gear (Cheuvront et al., 2008).  The studies on 
structure firefighting PPE are not applicable to wildland fire situations because the 
duration of time that structure firefighters wear the PPE is short in comparison, and the 
fire intensity typically experienced is higher.  The study by Williams et al. (2011) 
reported no differences in TC between a standard structural ensemble and a fabric 
prototype, but the study duration was only 20 minutes.  The studies by McLellan (1996) 
and Cheuvront et al. (2008) during three-hour trials showed that, the addition of a 
protective layer increased heat stress in similar ways to the results of the current 
investigation. 
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The Tc increases associated with additional clothing have been shown in two studies 
using wildland firefighters.  A study by Adams et al. (1999) showed that during 90 
minutes of exercise, a double layer uniform was associated with a significantly greater 
increase in Tc  from initial temperature measurement to exercise termination compared to 
a single layer uniform (1.047, 0.911 °C respectfully).  However, this report did not give 
actual Tc data, just the average increase from initial temperature.  Budd et al. (1997) 
showed that after 60 minutes of exercise, a heavy uniform did not allow for heat storage 
to level off. These results are similar to the results of the present study showing that after 
one hour of exercise,  Tc and Tb continued to rise for DL, while SLI and SLII were 
leveling off (Figure 1-A and C).   
 
The ability to maintain adequate hydration is critical for the thermoregulation, although 
hydration status of WLFFs does not always correlate with safe core temperatures.  A case 
study by Cuddy and Ruby (2011) shows a WLFF who loses thermoregulation despite an 
aggressive drinking pattern (840 ml · hr
-1
) in the hours prior to the heat-related incident.  
The current study showed no differences in hydration status between uniforms, but there 
was an increase in core temperature with a double-layered uniform compared to a single 
layer after three hours of exercise in the heat.  These findings demonstrate the importance 
of a uniform’s ability to dissipate heat, as shown by other studies on uniforms (Budd et 
al, 1997, McLellan, 1996, Adams, 1999). 
 
 Recent research demonstrates the relationship between skin temperature and 
exercise intensity (Schlader et al., 2011).  The current study had participants maintain a 
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constant work rate (21 ml ∙ kg-1 ∙ min-1) during the trial duration.  During wildfire 
suppression, WLFFs have flexibility in selecting their work rate, although job tasks must 
be completed efficiently for safe suppression of the wildfire.  The rise in skin temperature 
during the double layer trial (Figure 1-B) from hours 2-3 could have caused the 
participants to slow down exercise intensity if they had been allowed to self-select their 
work rate as seen in field situations.  Decreases in intensity due to self-selection could 
therefore protect thermoregulation as suggested by other studies (Cuddy and Ruby, 2011; 
Gant et al., 2004).  Thus, future studies should quantify realistic changes in total work 
production between uniform configurations by evaluating self-selected work intensity. 
 
Conclusions 
 The addition of a second layer of wildland fire PPE increases physiological heat 
strain (TB and PSI) during extended duration exercise in the heat.  Wildland fire 
management must balance the benefits of protection from ambient hazards, such as fire, 
rocks, and equipment, against the dangers of excessive internal heat production.  
Individual work rate contributes a majority of the heat load experienced by WLFF and 
must be accounted for when analyzing the effects of PPE in the fire environment.   This 
study helped quantify the levels of heat storage associated with different configurations 
of wildland fire PPE.  
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Appendix Project 1 
 
Smokejumper Demographic Distribution 
 
Dependent Variable Frequency Tables 
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Figure 1.  Age Breakdown of 2008 Smokejumpers and test distribution. 
 
 
 
Table 1.  Smokejumper Distribution 
Jumpers   Jumper Ages 
Male Female   <21 21-30 31-40 >40 
409 32   0 145 200 97 
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Appendix Project 2 
 
 
 
PT Test Results 
 
Frequency Distributions 
 
Job Tasks- PT Correlation Graphs 
 
Regression Model Fitting 
 
Minimum Standards Matrix 
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Crew Push-ups Pull-ups Sit-ups
1.5 Mile 
Run Time 45 lbs
SMJ 76 16 84 9.33 30.47
SMJ 51 12 110 10.40 34.67
SMJ 75 19 202 9.25 28.68
SMJ 60 10 191 9.68 35.38
SMJ 71 15 207 10.98 35.38
SMJ 48 14 80 11.60 35.38
SMJ 81 19 101 9.50 31.67
SMJ 115 32 194 8.90 31.67
SMJ 80 18 109 9.90 31.93
SMJ 61 19 73 8.90 41.20
SMJ 50 16 90 9.25 41.20
SMJ 47 12 144 9.13 41.20
SMJ 63 14 120 10.40 41.50
SMJ 54 16 132 9.08 40.75
SMJ 44 14 143 8.75 39.67
SMJ 115 25 121 8.52 31.20
SMJ 45 10 80 9.43 31.82
SMJ 60 17 199 8.88 32.07
SMJ 80 18 101 10.03 32.07
SMJ 91 22 201 9.00 26.63
SMJ 56 12 62 10.30 41.62
SMJ 60 15 100 9.60 40.42
SMJ 60 24 90 10.78 41.62
SMJ 58 20 105 8.38 40.42
SMJ 57 14 100 10.02 40.42
SMJ 40 17 55 8.57 40.42
SMJ 45 10 65 10.83 31.23
SMJ 90 24 177 9.00 31.23
SMJ 65 16 190 8.88 31.23
SMJ 65 19 140 10.20 28.82
SMJ 56 13 125 9.18 28.82
SMJ 69 17 105 9.27 28.82
SMJ 65 18 80 9.42 31.57
SMJ 40 7 81 10.87 30.73
SMJ 68 14 114 9.35 27.77
SMJ 65 10 111 10.10 28.28
SMJ 64 22 136 9.63 27.77
SMJ 51 8 69 10.43 28.30
Non-SMJ 30 0 141 10.08 31.15
Non-SMJ 33 2 229 10.43 28.70
Non-SMJ 20 1 126 10.77 31.38
Non-SMJ 32 8 101 10.15 30.47
Non-SMJ 25 1 145 42.38
Non-SMJ 6 0 42 12.47 38.00
Non-SMJ 50 10 60 10.20 31.68
Non-SMJ 35 11 89 9.92 26.92
Non-SMJ 24 10 62 10.75 36.13
Non-SMJ 27 6 70 9.30 33.27
Non-SMJ 50 10 88 9.72 27.63
Non-SMJ 22 4 118 11.55 39.45
Non-SMJ 36 10 137 8.70 39.45
Non-SMJ 30 11 80 8.58 36.50
Non-SMJ 40 13 136 9.93 36.48
Non-SMJ 50 15 110 9.42 36.47
Non-SMJ 34 7 153 9.47 29.10
Non-SMJ 35 13 150 9.95 29.10
Not meeting the minimum requirements are in bold
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Job  Task – Correlation Graphs 
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y = 0.1459x + 27.336
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Pull-Ups 
 
 
 
 
 
 
 
 
y = -1.0252x + 31.623
0.00
10.00
20.00
30.00
40.00
50.00
60.00
0 5 10 15 20 25 30 35
Li
n
e
 D
ig
 (
m
in
s)
Pull-Ups
Line Dig- Pull Ups
y = -1.4465x + 82.568
0.00
20.00
40.00
60.00
80.00
100.00
120.00
0 5 10 15 20 25 30 35
8
5
 P
ac
k 
(m
in
s)
Pull-Ups
85 Pack - Pull Ups
94 
 
 
 
 
 
  
y = 0.4944x + 28.646
0.0
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
0 5 10 15 20 25 30 35
To
ta
l C
u
b
b
e
s 
M
o
ve
d
Pull-Ups
Cubee-Pull
95 
 
1.5 Mile Run 
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Heavy Pack Test 
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Line Dig: 
Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 VO2PeakMlkgm
in, FFM, Age, 
SitUps, PullUps, 
Run1.5Mile, 
PackTest110, 
PushUps, 
VO2PeakLmin 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: LineDig 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .862
a
 .743 .686 5.28936 
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, Age, SitUps, 
PullUps, Run1.5Mile, PackTest110, PushUps, VO2PeakLmin 
 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 3311.434 9 367.937 13.151 .000
a
 
Residual 1147.070 41 27.977   
Total 4458.503 50    
100 
 
Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 VO2PeakMlkgm
in, FFM, Age, 
SitUps, PullUps, 
Run1.5Mile, 
PackTest110, 
PushUps, 
VO2PeakLmin 
. Enter 
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, Age, SitUps, PullUps, Run1.5Mile, 
PackTest110, PushUps, VO2PeakLmin 
b. Dependent Variable: LineDig 
 
 
 
 
 
 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 18.164 31.250  .581 .564 
PushUps -.017 .073 -.039 -.234 .816 
PullUps -.240 .254 -.154 -.945 .350 
Age -.269 .124 -.203 -2.162 .037 
FFM -.057 .286 -.059 -.199 .843 
PackTest110 .577 .126 .681 4.575 .000 
Run1.5Mile -1.099 1.635 -.098 -.672 .505 
SitUps -.001 .019 -.004 -.042 .967 
VO2PeakLmin .054 4.695 .004 .012 .991 
VO2PeakMlkgmin -.110 .365 -.074 -.300 .766 
a. Dependent Variable: LineDig 
 
 
  
101 
 
 
Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 Run1.5Mile, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: LineDig 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .628
a
 .394 .358 8.51092 
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 2400.524 3 800.175 11.047 .000
a
 
Residual 3694.225 51 72.436   
Total 6094.749 54    
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
b. Dependent Variable: LineDig 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 3.231 17.230  .188 .852 
PushUps -.164 .100 -.335 -1.642 .107 
PullUps -.287 .359 -.172 -.800 .428 
Run1.5Mile 2.770 1.583 .223 1.750 .086 
a. Dependent Variable: LineDig 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PackTest110, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: LineDig 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .852
a
 .725 .708 5.44849 
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 3761.278 3 1253.759 42.234 .000
a
 
Residual 1424.931 48 29.686   
Total 5186.209 51    
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
b. Dependent Variable: LineDig 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) -13.440 6.353  -2.115 .040 
PushUps -.037 .067 -.079 -.553 .583 
PullUps -.177 .231 -.110 -.764 .449 
PackTest110 .635 .083 .729 7.647 .000 
a. Dependent Variable: LineDig 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PullUps, 
PushUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: LineDig 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .624
a
 .390 .367 8.81947 
a. Predictors: (Constant), PullUps, PushUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 2633.636 2 1316.818 16.929 .000
a
 
Residual 4122.500 53 77.783   
Total 6756.136 55    
a. Predictors: (Constant), PullUps, PushUps 
b. Dependent Variable: LineDig 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 34.005 3.168  10.735 .000 
PushUps -.150 .103 -.295 -1.447 .154 
PullUps -.600 .345 -.354 -1.737 .088 
a. Dependent Variable: LineDig 
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85 Pack Test: 
 
 
Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 VO2PeakMlkgm
in, FFM, 
PushUps, 
SitUps, Age, 
Run1.5Mile, 
PackTest110, 
PullUps, 
VO2PeakLmin 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: PackTest85 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .934
a
 .872 .842 5.23211 
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, PushUps, SitUps, 
Age, Run1.5Mile, PackTest110, PullUps, VO2PeakLmin 
 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 7248.191 9 805.355 29.419 .000
a
 
Residual 1067.622 39 27.375   
Total 8315.813 48    
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, PushUps, SitUps, Age, Run1.5Mile, 
PackTest110, PullUps, VO2PeakLmin 
b. Dependent Variable: PackTest85 
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Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) -21.737 31.148  -.698 .489 
PushUps -.179 .073 -.272 -2.459 .018 
PullUps .370 .256 .162 1.444 .157 
Age -.227 .130 -.121 -1.752 .088 
FFM .077 .285 .055 .269 .789 
PackTest110 1.158 .131 .806 8.846 .000 
Run1.5Mile 2.996 1.669 .170 1.795 .080 
SitUps .024 .019 .082 1.259 .216 
VO2PeakLmin .140 4.679 .007 .030 .976 
VO2PeakMlkgmin -.093 .362 -.043 -.256 .799 
a. Dependent Variable: PackTest85 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 Run1.5Mile, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: PackTest85 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .641
a
 .411 .374 12.26475 
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 5037.571 3 1679.190 11.163 .000
a
 
Residual 7220.357 48 150.424   
Total 12257.928 51    
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
b. Dependent Variable: PackTest85 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 25.379 26.847  .945 .349 
PushUps -.249 .152 -.324 -1.643 .107 
PullUps -.475 .529 -.187 -.897 .374 
Run1.5Mile 5.958 2.580 .282 2.310 .025 
a. Dependent Variable: PackTest85 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PackTest110, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: PackTest85 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .917
a
 .841 .830 5.42075 
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 6993.511 3 2331.170 79.333 .000
a
 
Residual 1322.303 45 29.385   
Total 8315.813 48    
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
b. Dependent Variable: PackTest85 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 2.331 6.708  .347 .730 
PushUps -.156 .068 -.236 -2.291 .027 
PullUps .202 .239 .089 .845 .402 
PackTest110 1.209 .097 .842 12.499 .000 
a. Dependent Variable: PackTest85 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PullUps, 
PushUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: PackTest85 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .588
a
 .346 .319 12.79573 
a. Predictors: (Constant), PullUps, PushUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 4235.127 2 2117.564 12.933 .000
a
 
Residual 8022.801 49 163.731   
Total 12257.928 51    
a. Predictors: (Constant), PullUps, PushUps 
b. Dependent Variable: PackTest85 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 86.254 5.327  16.192 .000 
PushUps -.205 .157 -.267 -1.309 .197 
PullUps -.885 .520 -.347 -1.701 .095 
a. Dependent Variable: PackTest85 
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Cubbie Carry: 
 
 
Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 VO2PeakMlkgm
in, FFM, Age, 
SitUps, PullUps, 
Run1.5Mile, 
PackTest110, 
PushUps, 
VO2PeakLmin 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: Cubbie 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .913
a
 .833 .797 1.96946 
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, Age, SitUps, 
PullUps, Run1.5Mile, PackTest110, PushUps, VO2PeakLmin 
 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 794.980 9 88.331 22.773 .000
a
 
Residual 159.030 41 3.879   
Total 954.010 50    
a. Predictors: (Constant), VO2PeakMlkgmin, FFM, Age, SitUps, PullUps, Run1.5Mile, 
PackTest110, PushUps, VO2PeakLmin 
b. Dependent Variable: Cubbie 
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Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 64.207 11.636  5.518 .000 
PushUps .051 .027 .249 1.876 .068 
PullUps .019 .095 .027 .205 .839 
Age -.090 .046 -.147 -1.946 .059 
FFM -.140 .106 -.314 -1.313 .196 
PackTest110 -.159 .047 -.407 -3.393 .002 
Run1.5Mile -1.604 .609 -.310 -2.635 .012 
SitUps .003 .007 .029 .392 .697 
VO2PeakLmin 3.658 1.748 .613 2.092 .043 
VO2PeakMlkgmin -.199 .136 -.291 -1.464 .151 
a. Dependent Variable: Cubbie 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 Run1.5Mile, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: Cubbie 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .818
a
 .669 .650 2.69048 
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 761.945 3 253.982 35.087 .000
a
 
Residual 376.412 52 7.239   
Total 1138.357 55    
a. Predictors: (Constant), Run1.5Mile, PushUps, PullUps 
b. Dependent Variable: Cubbie 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 57.975 5.441  10.655 .000 
PushUps .071 .031 .339 2.255 .028 
PullUps .070 .113 .098 .620 .538 
Run1.5Mile -2.795 .499 -.525 -5.606 .000 
a. Dependent Variable: Cubbie 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PackTest110, 
PushUps, 
PullUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: Cubbie 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .868
a
 .754 .738 2.34408 
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 806.831 3 268.944 48.946 .000
a
 
Residual 263.746 48 5.495   
Total 1070.577 51    
a. Predictors: (Constant), PackTest110, PushUps, PullUps 
b. Dependent Variable: Cubbie 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 47.210 2.733  17.271 .000 
PushUps .031 .029 .146 1.080 .285 
PullUps .099 .099 .135 .991 .327 
PackTest110 -.268 .036 -.678 -7.505 .000 
a. Dependent Variable: Cubbie 
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Variables Entered/Removed
b
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 PullUps, 
PushUps 
. Enter 
a. All requested variables entered. 
b. Dependent Variable: Cubbie 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .705
a
 .496 .478 3.40672 
a. Predictors: (Constant), PullUps, PushUps 
 
ANOVA
b
 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 617.764 2 308.882 26.615 .000
a
 
Residual 626.710 54 11.606   
Total 1244.474 56    
a. Predictors: (Constant), PullUps, PushUps 
b. Dependent Variable: Cubbie 
 
Coefficients
a
 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 27.599 1.197  23.055 .000 
PushUps .066 .040 .309 1.681 .099 
PullUps .305 .133 .422 2.293 .026 
a. Dependent Variable: Cubbie 
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Minimum Standards Matrix 
 
 
 
 
 
 
 
  
Combinded 
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Average   
 + 1SD
Average   
 + 2SD
Push-ups 61 49 49 26 42 17 51 31
Pull-ups 15 12 12 5 10 2 12 6
1.5 Mile (min.sec) 9.29 10.05 10.01 11.04 10.16 11.13 9.55 10.47
110 Pack Test (min.sec) 53.17 10.04 56.56 64.31 60.59 72.09 57.04 64.55
Line Dig 85 Pack Lift/Carry
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Appendix Project 3  
 
 
 
Figure 1.  Core Temperature Changes stratified by Fitness 
Level 
 
Figure 2.  Change in Core Temperature during Trial 
 
Figure 3.  Changes in Participant Body Weight. 
 
Figure 4.  Water Consumption 
Figure 5.  Hydration Status measured by Urine Specific 
Gravity (USG) 
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Figure 1.  Core Temperature Changes stratified by Fitness. 
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Figure 2.  Change in Core Temperature during the 180 min trial.  Values are plotted every 
20 minutes. 
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Figure 3.  Changes in Participant Body Weight. 
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Figure 4.  Water Consumption during three hours of exercise in the heat with different 
wildland fire uniform configurations. 
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Figure 5.  Hydration Status measured by Urine Specific Gravity. 
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